different. Although the ratio of replacement to replacement divergence is smaller for the centromeric genes (0.15) than for the noncentromeric genes (0.44), the difference between regions is not significant.
In contrast to results from analysis of silent variation on the X chromosome and chromosome 3 in D. simulans (Begun and Whitley 2000) , there is no good evidence for reduced amino acid polymorphism on the X chromosome. The mean replacement for X-linked genes (n ϭ 21, ϭ 0.0013) is exactly the same as the estimate for noncentromeric chromosome 3 genes (n ϭ 19, ϭ 0.0013). Similarly, replacement divergence values for the X chromosome (0.014) and chromosome 3 (0.011) are not significantly different (Mann-Whitney, P ϭ 0.75). The ratio of replacement to replacement divergence is smaller for the X chromosome (0.21) than for chromosome 3 (0.44), but again the difference is not significant (Mann-Whitney, P ϭ 0.24).
The different statistical conclusions on the effect of chromosomal location for silent versus replacement variation in D. simulans might be a result of reduced statistical power associated with low levels of amino acid variation (compared with those of silent variation) or might reflect a genuine difference between the dynamics of silent and replacement variation. More extensive sampling of replacement variation across the genome would be required to resolve this issue.
The two sampled genes located closest to the centromere are CKII-␣, about 26 bands to the left of the centromere on 3L, and Gelsolin, about 8 bands to the right of the centromere on 3R. Both have severely reduced levels of silent heterozygosity (table 1) relative to the average for the chromosome (0.035; Begun and Whitley 2000) . Silent for Hem-protein is relatively high ( ϭ 0.015), although this gene is located only ϳ42 bands distal to the centromere on 3L. The same is true for Amalgam (about 97 bands to the right of the centromere on 3R), which is about as polymorphic as Hemprotein. These data suggest that severe reductions in silent heterozygosity are restricted to only a very small euchromatic region (perhaps 1,000 kb) on each side of the centromere of chromosome 3 in D. simulans. Few data exist on patterns of recombination near D. melanogaster centromeres, and even less information is available for D. simulans. However, the small amount of D. simulans genetic data (Sturtevant 1929; True, Mercer, and Laurie 1996) indicates a minimal centromere effect relative to D. melanogaster. Given the established relationship between recombination and polymorphism, the genetic and population data from D. simulans are consistent with a dramatic reduction in recombination over a small physical region near the centromere. Such regions may be ideal for detailed study of the effects of variable recombination on sequence evolution. Regions of normal recombination in D. simulans exhibit a ratio of unpreferred to preferred fixations of ϳ2 (Takano 1998; Begun 2001) . For three genes located near the centromere of chromosome 3 (table 3), the ratio of unpreferred to preferred fixations (1:8) is significantly different (G-test, P ϭ 0.01) from the ratio observed for more distally located genes on chromosome 3 (37:18). There should be no effect of recombination rate on the proportion of preferred versus unpreferred fixations for genes evolving at mutation-selection-drift equilibriumwe expect roughly equal numbers of fixations in the two presumptive fitness classes regardless of the recombinational environment (Akashi 1996) . A possible explanation for the observed heterogeneity is that the recombination rate in the centromere region of D. simulans has recently increased. Genes with a long history of reduced recombination are expected to have a higher proportion of unpreferred to preferred codons at equilibrium than are genes located in regions of more extensive crossing over. This is because low rates of crossing over decrease the efficacy of purifying selection against very slightly deleterious (e.g., unpreferred) mutations. If the recombination rate in a region of historically low recombination recently increased, then we would expect to observe a transient increase in the fixation rate for very slightly beneficial mutations as such regions ''recover'' from a history of ineffectual purifying selection. Further investigation of silent fixations in centromeric regions of D. simulans and further genetic analysis of species in the melanogaster subgroup will be required to evaluate this hypothesis.
Six of 44 genes analyzed here (Rel, runt, G6pd, r, , and otu) deviate significantly from the neutral model in heterogeneity tests of silent and replacement polymorphism from D. simulans and fixed differences from D. melanogaster. Five of the six are X-linked, with the only exception being Rel (although it should be noted that significance was only marginal for runt and mei-218). Deviations in all six genes are in the direction of ''too many'' amino acid differences between species. Moreover, five of the six (with the exception being runt) exhibit high rates of protein evolution compared with other genes in these two species (table 2) , consistent with the notion that these genes have experienced recurrent directional selection of amino acid mutations. 
